An autoradiographic technique adapted to diffusible compounds was used to localize steroid receptor sites in various tissues of the chicken embryo. In this article are presented results obtained on the gonads, the reproductive tract, the bursa of Fabricius, and the anterior pituitary after injection of either 3H-estradiol or 3 H-dihydrotestosterone into 5t/2-to 15-day-old chicken embryos. Target cells for steroid hormones, either estrogen or androgen, or both, are present in these organs early in the development. The precocity of the receptors suggests that sex steroids may influence embryonic differentiation earlier than currently recognized. The presence of the receptors in a variety of organs or tissues, known or unsuspected target for steroids, emphasizes the very diversified roles of sex steroid hormones in the differentiation processes. Conditions for these receptors to be active are discussed with respect to particularities of the embryonic system.
Introduction
During the last decade the development of the concept of receptors for steroid hormones has contributed to the progress achieved in understanding better the multiple roles of steroid hormones in target cells. The biochemical approach has proven very helpful in unraveling the processes by which a steroid molecule modifies the metabolic activities of a target cell (1, 3, 13) . Autoradiographic studies yielded invaluable data on the histological distribution of receptor sites in cells of known or unsuspected target tissues (34) . The complementarity of these two types of methods has probably not been adequately exploited despite substantial developments (16, 31) .
Steroid receptors have been extensively studied in adults, more rarely in newborn, and scarcely at all in embryos or fetuses. The reasons for this distribution are technical rather than a lack of scientific interest. Indeed, embryonic and fetal 'Presented in part at the AUTORADIOGRAPHY WORKSHOP on April 11, 1980 , as part of the program at the annual meeting of the Histochemical Society, held in New Orleans, Louisiana, April 11-15, 1980. 2 Supported by a fellowship from the Delegation Generale a la tissues are well-known targets for steroid hormones that induce critical and often irreversible steps of differentiation. On the other hand, the obstacles encountered by investigators in working with embryonic and fetal tissues appeared in most cases insurmountable, i.e., a minimal amount of biological material, and the difficulty of cutting frozen sections in tissues having a high water content.
Of the two techniques available, autoradiography seems the better suited to embryonic tissues, since it overcomes one of the technical obstacles, the amount of tissue. It also permits the characterization of each cell type and tissue by their properties with regard to the parameter studied. In our case the parameter is the affinity of nuclear receptor sites for steroid hormones. This affinity is visualized by a density of silver grains that appears higher over the nucleus than cytoplasm or extracellular spaces. The assimilation of nuclear concentration of radioactivity, i.e., steroid molecules labeled with tritium, to the presence of steroid receptors in the nucleus is consistent with the results of biochemical studies showing that in target cells steroid molecules are transported very rapidly to the nucleus, where they stay for a certain period of time. This entails a concentration of steroid molecules in the nucleus of target cells. Other conditions are necessary for a cell to respond to the message carried by a steroid molecule, but the ability to concentrate the hormone in its nucleus is one prerequisite. In this article we establish that target cells contain nuclear receptors visualized on autoradiograms by the nuclear concentration of radioactivity (= nuclear labeling). In the conclusion we discuss other condi-GASC tions necessary for the nuclear labeling to be evidence of cell responsiveness to steroid hormone.
The effects of sex steroid hormones in embryos and fetuses are well-documented and allow one to characterize many sex organs as targets for either estrogen or androgen hormones. At a critical step of development steroid hormones orientate the differentiation into a way characteristic to one sex. However, important aspects of the steroid action in target organs have not been examined until recently. Which tissue or cell type first receives the message and initiates the differentiation processes? When does a cell acquire a binding affinity for a steroid hormone? Are there other target organs for steroid hormones than those observed by macroscopical or histological examination? In an evolving system, where most events are irreversible and decisive for further development, and consequently mandate the future of the individual, the importance of such questions is more relevant than in adult animals. We think autoradiography is well-suited to answer these questions and to advance the study of steroid hormone action in embryos closer to the tissular or cellular level. In addition, controversial questions regarding some target organs (gonads, mullerian duct, bursa of Fabricius) may be resolved by means of this method, which should show whether or not these organs are target for steroid hormones.
We undertook, therefore, a study of androgen and estrogen receptor sites in various tissues and anlages of the chick embryo. Among those organs studied were the gonads, the genital tract, the bursa of Fabricius, and the anterior pituitary. From the observations on such a variety of organs during almost the entire incubation we will try to draw general conclusions on the roles of steroid hormones in embryonic life.
Materials and Methods
The thaw-mount autoradiography technique as described by Stumpf and Sar (33) was used. The validity of the technique to localize diffusible compounds such as steroids on frozen thin sections is now well-established. Problems specific to embryonic tissues were encountered in the course of this study. Because of the presence of unspecific high capacity binders in extracellular spaces, very low doses of very high specific activity labeled molecules of steroids must be administered. We injected labeled steroids, either estradiol ( 3 H-E2) or dihydrotestosterone ('H-DHT) in an extra-embryonic vein. The doses ranged from 10 to 40 pg per embryo, and increased with the age. The specific activity of the labeled hormones was 140 Ci/mmol for E 2 and 190 Ci/mmol for DHT, the doses amounted to 5 to 25 aCi per embryo. After injection of the labeled hormone, embryos were incubated for 1 hr before organs were frozen in liquid propane and then stored in liquid nitrogen. Competition experiments were carried out by applying a 100-fold excess of unlabeled hormone on the chorio-allantoic membrane, 30 min before the injection of labeled hormone.
Another major difficulty arose from the high water content of organs in young embryos, and the presence of fluid compartments in the body cavities at all ages. Mesenchymes are liquid media in which cells are floating; they are particularly difficult to cut. Sections tend to distort, crack, and eventually break. Good histology requires long training and patient work. Among all histological staining techniques methyl green-pyronine was found to be the easiest and best. However, the low affinity of embryonic tissues for dyes, added to the thinness of the sections (3 gm), produced weak coloration and low-contrast photographic pictures.
Despite the drawbacks, images can be interpreted correctly in most cases after exposure times of from 6 to 14 months (NTB 3 emulsion, Kodak).
Results

Gonads
The potent role of estrogen hormones on sexual differentiation of the gonads in the chicken embryo has been demonstrated by the basic experiments of Dantschakoff (5), Willier et al. (37) , and Wolff and Ginglinger (39) . An estrogenic hormone can induce an ovarian type of differentiation in the left gonad of genetically male embryos. The right gonad, which has not been studied as much as the left one, is apparently not modified by estrogens.
When such sex-reversed embryos are maintained after hatching they rapidly and inevitably revert to their genetic sex and form two normal testes, even if the chicks are treated again with estradiol (24, 38) .
Contrary to estrogen, androgen hormones have little or no effect on the gonadal sexual differentiation in birds.
These results form the basis for the hormonal theory of sexual differentiation. Estrogen hormones are responsible for the ovarian differentiation that occurs naturally in female embryos. This theory requires that estrogen receptors be present in certain cells of the gonads. The receptors may be identically distributed in gonads of both sexes, and then a steroid production specific to female gonads ensures the differentiation. Alternatively, receptors display qualitatively or quantitatively different patterns of distribution in male and female gonads, and therefore can be ascribed a determining role in sexual differentiation.
The period during which histological processes prepare and realize the sexual differentiation of embryonic gonads occurs between days 5 and 7 of incubation. It was therefore the most interesting period to study. As phenotypic sex cannot be determined so early, a karyological technique was used to identify the genetic sex (6, 27) .
Male and female gonads of chicken embryos between 5½-and 7-days of incubation display labeled cells after 3 H-E2 injection (7) . Nuclear labeling is observed in the medulla and medullary cords, in both the right and the left gonad of every embryo. Only the left gonad shows labeled cells in the germinal epithelium, while on the right side the germinal epithelium appears devoid of nuclear labeling.
The observations are summarized in Figure 1 , for a 6-dayold embryo. A comparison of distribution and density of labeled cells yields no conclusion regarding a difference between male and female embryos. A limited quantitative difference cannot be excluded, since no evaluation of the labeling has been carried out. However, the differences in hormonal status between male and female embryos, added to (see this issue p. 212), makes unconclusive any attempt of the pitfalls of quantitative autoradiography on frozen sections quantification of labeling unless conspicuous differences are observed. This is not the case in gonads. When gonads are clearly differentiated in testis or ovary difference in distribution of labeled cells are obvious. In 10-day-old female embryos, labeled cells have completely disappeared in the right and left gonads (Figures 1, 2a ). This absence may be explained by a loss of steroid receptors between day 7 and 10 of incubation, or by a saturation of the binding sites by estrogen hormones produced in situ. In 10-day-old male embryos, labeled cells are located exclusively in the remnant of the germinal epithelium of the left gonad (Figures 1, 2b ). This epithelium is present on the coelomic aspect of the left testis as a flat and patchy layer of cells, most of them being labeled with 3 H-E2. In the left and right testes the medulla does not show any labeled cell, whether in the medullary cords or the interstitial tissue. As labeled cells are present in the epithelium, their absence in the medulla is presumably a consequence of loss of nuclear binding sites between days 7 and 10.
The gonads offer a conclusive instance of the advantages and drawbacks of autoradiography. As a histological technique it makes it possible to distinguish between the components of the gonads: germinal epithelium, medullary cords, interstitial tissue, and germ cells. Owing to this advantage we can ascertain not only the presence of receptor sites for estrogen hormones in the differentiating gonads, but also specify where the receptors are located. For instance the labeled cells in the medullary cords are quite unexpected, since no effects of estrogens are known for this part of the undifferentiated gonad. Moreover, medulla is generally considered as a male component. The possibility of localizing labeled cells inside the medullary cords adds to the novelty of this observation, since the steroid-producing cells are also located inside the cords (25, 29) . Given the density of labeled cells with 3 H-E 2 one may assume that at least some of them are also steroid producing. Thus the same cells might be producing steroids and target for the same hormones.
Another interesting observation is the asymmetry of the gonads as regards the germinal epithelium: labeled cells present in the left and absent in the right gonad. This result directly confirms a link between the sensitivity of the gonad to estrogens and the capacity for differentiating into an ovary.
Besides these advantages, the autoradiographic technique has drawbacks that impair any conclusions on two points. We cannot answer the following questions: Are there measurable sex differences as concerns the estrogen receptors in the GASC differentiating gonad? Are the receptors lost between days 7 and 10 in gonads of female embryos? Answers to these questions may help clarify and delineate the exact role of estrogens in the processes of ovarian differentiation. The biochemical approach would seem a relevant possibility to solve these questions, provided enough material is available.
The results obtained in gonads of the chicken embryo may be compared with preliminary observations we have made in gonads of rat fetus. When the pregnant mother, or the fetus in utero, are injected at 13½ days of gestation with 3 H-DHT, no labeled cells are observed in the gonads. This result, if confirmed, would be in agreement with the hypothesis of nonsteroidal processes for the testicular differentiation in mammals and would confirm the concept that gonadal differentiation follows specific pathways in mammals and birds.
Accessory Sex Organs
The functional differentiation of genital ducts and other organs of the reproductive tract are under the control of steroid hormones. During embryonic life, male and female organs are formed in all embryos irrespective of the genetic sex, afterward, only organs pertaining to the genetic sex of the embryo are maintained. The regression of organs pertaining to the opposite sex occurs under hormonal control, although not always steroidal.
The genital ducts and the end part of the digestive tract that form the cloacal region equivalent to the urogenital sinus in mammals, constitute a group of organs in which steroid receptors must be particularly abundant. Rather than describing the distribution of both androgen and estrogen receptors in every structure of the genital tract, and their evolution during embryonic development, we prefer to limit this article to some instances that clearly emphasize the specific contribution of autoradiography. Among others we have selected the mullerian duct, the wolffian duct, and the vascular body.
Mullerian duct. The mullerian ducts form in chick embryos of both sexes and then disappear very early in males. Regression is completed by day 10 of incubation. Although some small doubt persists as to whether steroids may play a role in the regression, this process is primarily dependent on a nonsteroidal hormone (17) . In female embryos, the right mullerian duct remains but only the left one differentiates to eventually become the oviduct and shell gland of the hen. The adult chick oviduct is sensitive to estradiol and progesterone, which induce the synthesis of specific proteins necessary to the formation of the egg (3). The susceptibility to estrogen hormones is acquired at hatching and estrogen hormones are not required for the formation of the mullerian duct, as shown by castration experiments. In castrated embryos, either male or female, a mililerian duct develops comparable to the left mullerian duct of a female embryo (40) .
Although the development or regression of a mullerian duct in an embryo is apparently independent of steroid hormones, many a study, recently as well as in the past, has been devoted to showing the relationship between steroids and the embryonic differentiation or regression of the mullerian ducts (22, 30, 36, 41) .
The mullerian ducts when still present in embryos of both sexes, that is days 6 and 7 of incubation, do not display any labeled cells after 3 H-DHT administration. Nor are 3 H-DHT-labeled cells detectable in the mullerian ducts at later stages in females. The presence of labeled cells in other organs of the same embryos serves as a control. This result does not favor the quite controversial role of androgens in the regression of mullerian ducts.
The situation after 3H-E 2 is not so clear as with 3H-DHT. Under our experimental conditions no well-characterized nuclear labeling is observed in the mullerian duct between days 6 and 15 of incubation. However, if the epithelium is clearly devoid of labeled cells, some cells in the mesenchyme display a very weak and inconsistent labeling, especially in 15-day-old embryos ( Figure 3a) . When compared to the mesenchyme of the urodeum (Figure 3a) , the vascular body (Figure 4b ), or the wolffian duct (Figure 3b ) on the same section, the nuclear labeling in the mullerian duct is never as conspicuous. For this situation the limitations of the current technique do not allow any clear-cut conclusions. On the ground of comparative observations one may argue for a concentration of radioactive molecules in cells of the mullerian ducts barely higher than the background, whereas it is unequivocally higher in the neighboring mesenchyme of the urodeum. In the upper part of the mullerian duct, along the mesonephros, observations of the 3H-E 2 labeling are similarly inconclusive.
The absence of well-characterized target cells for 3 H-E2 in the mullerian duct until the last days of incubation is consistent with the normal development of mullerian ducts in castrated embryos (40) . If the mi llerian duct undergoes an apparently normal differentiation in the absence of gonads, the presence of estrogen receptors is not a prerequisite condition. Teng and Teng (36) , however, biochemically prepared estrogen receptors from mi llerian ducts of chicken embryos at various ages between day 8 and 18 of incubation. This discrepancy may be accounted for by the lack of sensitivity of autoradiography. An alternative is to admit that receptors in the mullerian duct have a much higher affinity for estrogen than in the mesenchyme of the urodeum. Consequently, receptors would be saturated by endogenous hormones in the mullerian duct, while many of them would remain free in the urodeum and available for exogenous labeled hormone. Whatever the cause of the discrepancy between biochemical and autoradiographic studies, we notice that well-known target organs such as the genital tubercle, urodeum, and vascular body (see below) display a high density of estradiollabeled cells. This result does not favor the argument for technical deficiency of autoradiography in the case of the mi llerian duct. One can predict that biochemical preparation of receptors from the whole cloacal region would yield a much higher level than that obtained from the mullerian duct alone.
Wolffian duct. Contrary to the mullerian duct there is no controversy about the differentiation of the wolffian duct, which represents the male part of the urogenital ducts. Before differentiating into the ductus deferens, at the same time as the mesonephros transforms into epididymis, the wolffian duct serves as a urinary duct. The shift from an excretory to a reproductive function takes place shortly before and after hatching. Although androgens exert inconsistent effects on the wolffian ducts, steroids cannot be assigned wellcharacterized effects, since the redifferentiation proceeds similarly in embryos of both sexes until several weeks after hatching.
Observations on the wolffian duct were made at two different levels in embryos having received 3 H-DHT at day 7, 10, 12, or 15. At the upper level, along the mesonephros, no labeled cells were found. At the lower level, from the junction with the urodeum to the bottom of the abdominal cavity, labeled cells are present in the epithelium and the surrounding mesenchyme. In the lower part of the wolffian duct, an identical pattern of distribution is observed in 10-, 12-, and 15-day-old embryos of both sexes.
After administration of 3 H-E2 a quite different distribution of labeling is observed. The mesenchyme surrounding the wolffian duct appears completely free of labeling, whereas the epithelial cells are labeled on a very short portion beginning at the junction with the urodeum and stretching half way to the bottom of the abdominal cavity (Figure 3b ).
There may be some overlapping between 3 H-E Z -and 3H-DHT-labeled cells, but receptors are certainly distinct. First, the patterns of distribution are not the same; second, the lack of cross-competition between estradiol and DHT clearly shows that the nuclear labeling is specific for each type of hormone.
The identical redifferentiation of the mesonephros into epididymis and the wolffian duct into ductus deferens in both sexes seems in contradiction with the presence of androgen and estrogen receptors in the terminal part of the wolffian duct. One may suggest that steroid hormones synthesized by gonads and circulating in embryos of both sexes (11, 14, 35, 43) produce identical effects in males and females irrespective of the possible differences in concentration. Only after hatching would larger differences of hormonal level produce anatomical differences. The observation of steroid target cells in the wolffian duct points out that androgens as well as estrogens may have a more diversified role in embryonic differentiation than that ascribed to them currently.
Vascular body. The vascular body, also called lymphobulbus (2), is an organ located on each side of the cloaca in the cock. Its function during copulation is to permit the erection of the genital tubercle. In embryos, it appears in both sexes as a paired cluster of mesenchymal cells that progressively aggregate between days 9 and 12 of incubation. Suddenly between days 12 and 15 this tissue regresses and disappears in female embryos, whereas it persists and grows in male embryos.
Owing to particular properties, this tissue provides us with a valuable tool to link the opposite effects of androgen and estrogen with the presence of different binding sites for each of the two types of hormones.
In 10-and 12-day-old embryos certain cells of the vascular body concentrate 3 H-E2 and-or 3 H-DHT in their nucleus (Figure 4a, b) . At day 12 about 60% of all cells are labeled with 3 H-E 2 and 70% with 3 H-DHT. Given these values, at least some cells have receptor sites for both types of hormones. However, binding sites must be distinct as shown by cross-competition experiments with labeled and unlabeled hormones. Estradiol in excess does not abolish 3 H-DHT labeling and vice versa. Identical observations are made in male embryos of day 15. Female embryos are already devoid of any vascular body at that age.
In male chicks androgens produce an anticipated maturation of the vascular body (2), whereas estrogens make it regress (Berens von Rautenfeld, personal communication). Applying the same scheme to the embryo, we suggest that the vascular body, on the one hand, regresses in female embryos between days 12 and 15 under the effect of estrogen hormones, and on the other hand, continues to grow in male embryos under the control of androgen hormones. As mentioned above, both types of binding sites are present at the same time in the same cells, and presumably induce opposite effects: inhibiting for estrogens and stimulating for androgens. This behavior will help us clarify the general question of the significance of labeled cells in embryonic tissues.
Bursa of Fabricius
Located in the cloacal region, not far from the genital ducts and the vascular body, the bursa belongs to the immune system. Lymphocytes equivalent to the B type of mammals undergo differentiation in the bursa. It is made of an endodermic sac in continuity with the cloaca through the bursal stalk, and a mesenchyme bordering the endodermic epithelium. The primordium of the bursa is seen at day 7 of incubation, but a fully differentiated organ with lymphopoietic cells inside follicles is not formed before days 13-14 (15) .
The sensitivity of the bursa to androgen has been used to realize in ovo bursectomy in order to lower the humoral immunity of the chicks (12) . Indeed, high doses of androgens either inhibit the bursa formation or make this organ regress, depending on the time of the hormonal treatment. The high doses of androgens necessary to the regression of the embryonic bursa in ovo (12) , and also to the loss of differentiation capacities (21) raised a question regarding the presence of androgen receptor sites in this organ, since low levels of hormones are generally sufficient to trigger specific effects in target organs.
Cells labeled with 3 H-DHT are found in the bursa of Fabricius of the youngest embryos we have examined, that is, 7 days old. Labeled cells are located exclusively in the mesenchyme bordering the bursal epithelium, as they are also in the mesenchyme along the adjacent urodeal epithelium. There is no more discontinuity in the mesenchyme between the urodeum and the bursa at this stage than later on. At day 10 the diverticulum has formed a sac entirely surrounded by 3 H-DHT-labeled cells in the mesenchyme, closely associated to the outer aspect of the bursal epithelium. At day 12, more or less intricated plicae are formed in the bursa, these are always lined on their outer surface by a great number of 3 H-DHT-labeled cells. At day 15, follicles are positioned in an array along the plicae, bulging into the mesenchyme. Again, labeled cells are located in the mesenchyme and not in the epithelium or the follicles. The same distribution of labeled cells has been described after injection of 3H-testosterone (8) .
The localization of androgen binding sites exclusively in nuclei of mesenchymal cells emphasizes the determinant role of the mesenchyme as target for the message carried by steroids. This result is contradictory with a recent biochemical work reporting the presence of androgen receptors in both components of the bursa, mesenchyme, and epithelium, and the alteration of the differentiation capacities of the epithelium after testosterone treatment (21) . There is presently no explanation for the discrepancy between the localization of target cells only in the mesenchyme and the presence of biochemically prepared androgen recepters in the mesenchyme and the epithelium. As regards sensitivity to testosterone, since it is generally admitted that cells containing receptors are the first targets for the corresponding hormone, the mesenchyme should be sensitive to testosterone. On the contrary, experiments of dissociation followed by reassociation of control and androgen-treated epithelium with mesenchyme show that the epithelium loses its differentiation capacities after testosterone treatment, not the mesenchyme (21) .
The reason for this discrepancy may lie in what serves as an efficient signal for the hormonal message. Le Douarin et al. (21) postulate that androgens inhibit the differentiation of the bursa, as shown by high doses of hormone. But other results suggest that lower doses have a stimulating effect on the bursal growth (26) . We propose that the latter effect is mediated by androgen receptors in the mesenchyme, whereas higher doses provoke a different type of response initiated in the epithelium.
There seems to be no obvious reason to favor either results obtained by biochemical preparation or those by autoradiography. Complementarity, and occasional contradiction between different approaches of the same problem makes progress. We expect elucidation of the present discrepancy to come from a better understanding of the exact role of at SAGE Publications on June 21, 2016 jhc.sagepub.com Downloaded from androgens in the normal development of the bursa of Fabricius in the chicken embryo.
Anterior Pituitary
The anterior pituitary offers an unique instance to further extend the investigatory capacity of the autoradiographic technique. In addition to localizing estrogen and androgen target cells, it allows an identification of these cells as pituitary hormone producing cells. In a first step, autoradiography is carried out in the same manner as for the other organs; in a second step, an immunohistochemical technique is employed to reveal the immunocharacteristics of the cells towards antisera to pituitary hormones. The immunohistochemical technique was modified from the immunoperoxidase bridge technique (23) and described in detail elsewhere (28) .
After administration of 3H-DHT or 3H-E 2 to 10-, 12-, and 15-day-old embryos, labeled cells are found in the anterior pituitary with a pattern of distribution characteristic of each type of hormone. Androgen-labeled cells are encountered throughout the gland, although with unequal density and intensity of labeling. The percentage of labeled cells in our experimental conditions (10) average 30 to 35%. Estrogen target cells are fewer in number (10 to 15%) and almost totally restricted to the caudal part of the pituitary (9) . The cephalic region displays only sparse 3H-E 2 -labeled cells. The differential distribution and the persistence of the labeling after cross-competition between a labeled hormone of one type and an excess of unlabeled hormone of the other type, demonstrate that there are at least two types of steroid target cells in the anterior pituitary: one for estrogen and one for androgen hormones.
The presence of steroid target cells at day 10 of incubation suggests an early functional differentiation of the pituitary. The first effects of hypophysectomy on the gonads are reported between days 13 and 14 (42) , that is more than 3 days after steroid target cells are present in the pituitary. Thus, the pituitary seems capable of responding to messages issued from the gonads, i.e., molecules of steroid hormones, while the gonadotrope function may not be active yet. In order to study the progressive establishment of relationships between pituitary and gonads, and vice versa, we tried to identify gonadotropin-producing cells alone or in conjunction with steroid target cells.
Cells immunoreactive to a serum raised in rabbit against a preparation of turkey luteinizing hormone (LH) are present in the pituitary of 7-day embryos. This is much earlier than the pituitary is known to modify gonadal function. This precocity raises the question of whether LH immunoreactive cells only produce or also release LH.
Results of the combined autoradiographic and immunohistochemical technique provide an argument for the direct involvment of LH immunoreactive cells in the regulation of the gonadal function. In 12-and 15-day-old embryos estrogen target cells in the pituitary are also immunoreactive to LH antiserum. As shown on Figure 5a , almost all cells reactive to the LH antiserum are also labeled with 3 H-E2, whereas only very few 3H-DHT-labeled cells can be identified as LH immunoreactive (Figure 5b ). Nor are 3H-DHT-labeled cells immunoreactive to ACTH or TSH antisera. Based on these observations, a direct relationship between production of LH and sensitivity to estrogen hormones appears probable. Consequently, a feedback regulation of LH production is ready to function in 12-day-old embryos, at about the same time as pituitary begins to regulate the steroid production in gonads. Androgen target cells, on the contrary, cannot be assigned a specific pituitary function until antisera to other hormones are tried, such as, growth hormones or prolactin. They may also be undifferentiated cells.
Discussion
Autoradiography applied to the localization of steroid hormone binding sites has the same advantages and limitations in embryonic and adult tissues. However, because of characteristics specific to embryonic systems the significance of observations made using autoradiograms may be more debatable on the one hand, and more meaningful on the other. We shall consider these two points below.
GASC
Our observations as summarized in the present article confirm the prevailing role of steroids in certain processes of embryonic differentiation. Until recently, mostly the messenger, i.e., steroid hormone, and the end-product at the anatomical level were considered in studies dealing with embryonic sexual differentiation. At an intermediate level, the effector, that is the tissue in which the message is translated in terms of metabolic activity, was greatly neglected. In known target organs such as gonads, the cloacal region, or bursa of Fabricius, autoradiographic pictures show which tissue is the real target for steroid hormone. Likewise, the autoradiographic data show that receptors appear similarly in embryos of both sexes, thus confirming the theory of a neutral sex from which the sexual phenotype is built depending on the type of secretion. Moreover, if certain organs keep receptors throughout the incubation period, others like the gonads lose them very rapidly when the critical period of differentiation is past.
Besides known target organs, autoradiography of steroid target cells discloses unsuspected ones. Such is the case of the wolffian duct, pituitary and medulla of the gonads that are described in the present article, but also adrenal gland, perichondrion and cartilage, central nervous system, preen gland, lung and several mesenchymes in different parts of the embryo (Gasc and Stumpf, unpublished results). Some of the so-discovered target tissues are of immediate interest. For instance, the anterior pituitary is currently the subject of investigations to confirm the supposed existence of a feedback effect of steroids on LH-producing cells. Other target tissues may be more difficult to study because of their indefinite properties, as in the case of undifferentiated mesenchymes that are characterized only by their location in the embryo and their affinity for one type of steroid hormone. This affinity may be one of their major properties, although to date unsuspected.
From all our observations two points of general interest deserve special attention: the importance of mesenchymes as target tissue for steroids, and the precocity of the receptors in all organs studied. In the cloacal region, including the vascular body and the bursa of Fabricius, and in several other instances not described here such as arteries and cartilage, the mesenchyme is the first target for steroid hormones, androgen, and estrogen. Similarly, Stumpf et al. (32) . showed that the mesenchyme of the urogenital sinus in 16-day-old mouse fetus is strongly labeled after 3H-diethylstilbestrol injection to the mother, whereas epithelium is not. Furthermore, experiments on the mammary bud (18, 19) , the urogenital sinus (4), and the prostatic bud (20) clearly demonstrate the role of mesenchyme as primary target for steroid hormones and initiator of the differentiation processes. We confirm that certain mesenchymes are characterized by their affinity for one or the two types of sex steroids. This affinity, which is linked to their inducing properties in the underlying epithelium, confers an identity to the msenchymes and distinguishes them from apparently identical nontarget mesenchymes.
The precocity of the receptors is a general characteristic of all our observations. Very early in development, cells in target tissues have the capacity for concentrating either 3 H-E2 or 3 H-DHT in their nucleus. In most instances we have studied, we were unable to specify when each target tissue acquires the affinity for steroid hormones. The presence of binding sites anticipates by several days the observation of a hormonal effect in target organs. This gap in time may be interpreted as the period necessary to translate into visible effects the message carried by steroids. Steroids would therefore exert their differentiating activity earlier than currently believed. Examples of this precocity are provided by the gonads, the pituitary, and the bursa of Fabricius. Another explanation is that binding sites are present in nuclei earlier than steroid molecules actually trigger any effect in the cells, because either the binding sites are inactive, or the concentration of steroid hormones is insufficient. To our knowledge, inactive receptors have never been demonstrated. However, embryonic tissues may behave differently from adult tissue in that respect, or alternatively, the chain of events initiated in target cells after the binding of a steroid molecule to a receptor may be interrupted by a missing step. As regards the concentration of circulating hormones in embryos, quantitative data are scarce. Nothing is known about estradiol until day 17 of incubation (35) , and testosterone ranges from 10 to 250 pg/mI plasma according to two different sources (11, 43) . An average of 100 pg/mI corresponds to a concentration of 4 X 10-10 M, that is in the same order of magnitude as common dissociation constants of nuclear receptors. There is apparently no reason to assume hormonal levels are too low to ensure sufficient binding to steroid receptors and thereby modify the metabolic activity in target cells. Among organs cited in this article, the gonads and the vascular body clearly show that the system steroid hormonenuclear receptor is active under normal conditions in embryos. We propose that steroid hormone receptors are also active in other embryonic target tissues, even though the consequences are not immediately detectable at histological level.
In conclusion, autoradiography of steroid receptor sites in embryonic tissues is a valuable tool that provides the investigator with a different approach to endocrinological as well as embryological problems. Under the condition that observation be compared to results from other sources it is capable of disclosing new aspects in developmental processes.
